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of the Government of the United States. 

"(b)  Any person designated specifically by the head of any department, inde- 
pendent agency or bureau of the Government of the United States, or by 
his duly authorized subordinate, as  a proper individual to receive the 
disclosure of the above indicated application for use in the prosecution 
of the war. 

"The principals under the secrecy are  further authorized to disclose the 
subject matter of this application to the minimum necessary number of persons 
of known loyalty and discretion, employed by or working with the principals 
or their licensees and whose duties involve cooperation in the development, 
manufacture  or use  of the subject matter  by or for the Government of the 
United   States,  provided   such   persons   are  advised  of   the  issuance   of   the 
secrecy order." 

No other disclosures are authorized, without written permission from the Commissioner of 
Patents. Public Law No. 259, 77th Congress, provides that whoever shall "willfully publish or 
disclose  or  authorize  or  cause  to  be  published  or   disclosed  such  invention,  or any  material 
information with  respect thereto," which is under a secrecy order, "shall, upon conviction, be 
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doned, if it be established that there has been a disclosure in violation of the secrecy order. 

It must be understood that the requirements of the secrecy order of the Commissioner of 
Patents are in addition to the usual security regulations which are in force with respect to 
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I. OBJECTIVE 

The purpose of this nrogram is to conduct general research in the field of 

underwater propulsion devices and associated equipment.  During the period 

covered by this report, work was performed on several different types of under- 

water propulsion devices. 

A. The first phase of the program is concerned with establishing the 

design of the free-running Alclo hydroductor by suitable static and dynamic 

tests so that the depth insensitivity of the hydroductor can be proved. 

B. The second phase of the program was to complete a theoretical inves- 

tigation of the power-plant parameters for a small high-speed submarine»  This 

feasibility study program was made to determine the general configuration, by 

including sizes and weights, of the major components of an approximately 2000-shp 

submarine power plant using 90- concentrated hydrogen peroxide, diesel fuel, and 

sea-water diluent.  The application of an exhaust-condensing system to this 

power plant was also to be studied. 

C. The third phase of the program is to continue an investigation of 

sea water used as a diluent in small engine systems using concentrated hydrogen 

peroxide and fuel oil or alcohol.  Further literature survey of work accomplished 

by other agencies is to be conducted.  Mew methods for the use of sea-water 

diluent are to be devised, investigated, and tested. 

II. SUMMARY 

A,   WYDRODUCTOR 

Development effort has been continued on the external-condensing 

hydroductor models.  Test data was obtained using the Model X5 hydroductor on 

the rotating boom under conditions that yield a range of cavitation numbers 

from .052 to .476.  Microflash photographs were made of some of the models under 

test to correlate the flow patterns with the performance data.  The models tcsLed 

without an afterbody did not show performance as satisfactory as the Model X3 

with the afterbody. 
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B. SU3MARIME POWER PLAINT FEASIBILITY STUDY 

rhis study program was completed and the results presented in 

Reference 1.  These results show that a small chemical power plant using diesel 

fuel and 90^ concentrated hydrogen peroxide as the propellants with sea-water 

diluent is feasible for use in a small Mgh-speed submarine.  The 'performance of 

such art arrangement with a condensing system on the turbine exhaust was calcu- 

lated to be 6.29 lb of expendibles per shaft horsepower hour at the surface and 

7.0^- lb of expendibles per shaft horsepower hour at 1000 ft depth. All the 

major components for a 1900-shp power plant can be housed in a space 3 ft in 

diameter by 3 ft long. 

C, SEA-WTER DILUEÜT  PROGRAM 

The use of sea water instead of fresh water as the diluent for 

hydrogen peroxide engines would potentially improve the performance of these 

engines in torpedoes and other underwater vehicles.  This program was planned 

to supplement previous efforts to investigate and determine the techniques for 

using sea water as a satisfactory diluent.  Among the approaches to the problem 

which were investigated were: 

1. Addition of small quantities of chemicals to the sea water or 

fuel to change the nature of the solids formed, so that deposits will not occur 

or can be readily flushed away, 

2, Cationic-exchange treatment of the sea water and determination 

of the required size of the ion exchange cartridge design. 

Tests were conducted using the J0C'  E  hydrogen peroxide and 92.5^- 

ethyl alcohol, as well as 90^- concentrated hydrogen peroxide and diesel fuel. 

Combustion temperatures covered a range from 1275  to 2100 F.  Only natural sea 

water was used as a diluent. 

111'     CC^CLHSIOHS AND RSCOIüEüDATICMS 

A.   The type of performance desired for the external-condensing hydro- 

ductor is shown by the tests made on Model X3. The performance of this model 

appears to be satisfactory for certain operating conditions; the data indicate 
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that lengthening of the afterbody might make the performance more uniform over 

a wider range of operating conditions.  It is recommended that tests on the 

external-condensing hydroductor models continue on the rotating boom.  The shape 

of the afterbody should be determined for most uniform performance" at varying 

depths." Correlation of the model performance data with the performance necessary 

for a free-running test vehicle should continue. " 

B, On the basis of the results of the study program on the power plant 

for a small high-speed submarine, it was concluded that it is feasible to design 

and develop a sma^l chemical power plant for this application. This power plant 

should use $&& concentrated hydrogen peroxide and diesel fuel as the propellants 

with sea-water-diluent. For best performance with varying depth of operation, a 

condensing system should be used that consists of ä condenser on the turbine 

, exhaust, a condensing water pump, and a "froth1' compressor pump for discharge of 

the mixture of water and carbon dioxide.  It is feasible to design this power 

plant so that it will be operationally convenient, simple, reliable, and entirely 

safe.  It is recommended that further theoretical and experimental work* be con- 

ducted on the reduction or elimination of noise for a power plant such as the one 

studied.  In addition, it is recommended that development of such a power plant r 

be initiated so that more complete performance data and specifications would be 

available for incorporation into the design of a small high-speed submarine, 

C, Data from the sea-water diluent program during this reporting period 

indicated that the most satisfactory operation is still obtained by using a 

strong cationic-exchange treatment-of the sea water.  Further improvement can 

probably be obtained when a graphitic coating is applied to the internal surfaces 

of the combustion hardware and when the combustion chamber temperatures are kept 

relatively high.  The required size of the cationic-exchange bed will be small 

enough for practical application in torpedoes.  Further work is necessary to 

determine the method for obtaining the best yield of the bed.  The additional 

tests with sea water containing additives, made in an attempt to change the nature 

of the solid deposits, were not as promising as those using the cationic-exchange 

or hardware coating techniques.  The use of colloidal clay and "chelating" agents 

were included in the group of additives which were investigated during this 
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period,  A. few tests were made to obtain more detailed information on the effect 

of various combustion temperatures on the solid deposits; further work is 

necessary along this line to prove that turbine operation will be satisfactory. 

The use of certain electrolytic treatments of the sea water should be studied in 

view of successes reported for certain commercial applications with hard water. 

Additional long-duration tests should be made on the most promising system or 

combination.  These tests should be made with the gas generator only, and with 

the complete turbine system at various simulated depths.  The entire program 

should continue to include tests with JQU  E HpCL and alcohol as well as with 

90' HpOp and diesel fuel. 

IV.   HYDR0DUCT0R 

A.   PROGRAM PLAN 

1. Previous development work on the hydroductor motor has been 

reported in References 2 and 5.  The operational advantages to be gained from 

an underwater missile capable of high velocities, and whose performance is 

relatively insensitive to depth, are realized to be important enough to justify 

continued development of the hydroductor.  The study and testing of the external- 

condensing hydroductor configuration has been emphasized during the present 

program because such work promises to provide a more rapid solution to the 

design of the free-running hydroductor test vehicle. 

2. A schematic diagram of the external-condensing hydroductor is 

shown in Figure 1.  The internal configuration of this motor is identical with 

that of the hydroduct.  Through proner design of the steam nozzles and afterbody 

of the missile, depth-insensitivity can be expected without a serious increase 

in total drag.  Under shallow-water operating conditions, the motor would run 

as a hydroduct. When the ambient back pressure increases due to greater 

operating depth, the steam cavity would be made shorter because of the increased 

pressure.  The flow pattern would change under these conditions, so that some 

of this pressure could be recovered on the afterbody of the missile; reduced 

drag'would result.  Therefore, the present program is to determine the most 
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favorable configuration of the steam nozzle and afterbody section of the external- 

condensing hydroductor. 

B.    TEST PROGRAM 

!■   Drag Tests 

a\   The first step in the testing program was to determine 

whether there is significantly less drag for any particular afterbody shape.  In - 

addition to a completely faired afterbody (for reference purposes), the tail- 

section shapes shown in Figure 2 were tested.  The basic model used for the drag 

tests was the 3»25-in.-dia test model (Figure 3) used in several previous programs. 

This model is attached to a hollow strut through which steam can be delivered to 

the model.  For the drag tests, the tail section of the model was replaced by 

sections of the experimental shapes without steam nozzles.  The special test- 

model tail sections were cylindrical and so designed that the total skin area, 

exclusive of the base area, was the same as that of the completely faired tail 

section.  The model and strut were mounted on the extension arm of the rotating 

boom at the 50-ft r-idius.  Drag measurements were obtained at velocities up to 

I58 ft/sec.  Two complete sets of drag measurements were obtained for each model 

tested. 

b.   The drag curves obtained from the tests of Model A, 

Model C, (see Figure 2) and the faired afterbody are shown in Figure h.     The 

drag values shown are the gross values obtained,  which include-the drag of the 

model and the strut, since it was desired to determine the differences in the 

drag values of the various afterbody shapes.  Figure 5 shows the difference 

between the drag of Model A, Model D, and the faired afterbody.  Drag tests of 

afterbody shapes B and E (see Figure 2)  were also made on the rotating boom in 

the ring channel and the drag curves obtained were very similar to those obtained 

on Models C and D.  Microflash photographs made during these drag tests are shown 

in Figures 6, 7,  8, and 9.  The data from all of these tests did not show any 

striking evidence that one afterbody shape would be more feasible than another 

for use with the external-condensing hydroductor.  It was hence concluded that 

model tests, using steam, would have to be conducted to furnish the desired 

information. 
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2.   Performance Tests with Steam 

a. Using the rotating boom, performance tests were made of 

several external-condensing hydroductor models.  The nozzle block configuration 

for each model is shown schematically in Figure 10,  Each block has 20 small 

nozzles In an annular ring. The combined thrbat area of these nozzles» is 
p 

0.50 in. , the same as that of the hydroduct model (Figure 3) used for previous 

tests and presently available for comparison of performance.  To.obtain compara- 

tive performance data, steam was supplied from the accumulator on the rotating 

boom through a hollow strut to the model.  Different operating conditions were 

simulated by making tests at various velocities and by also varying the maximum 

steam pressure available from the accumulator.  The test data, which included 

gross drag of the model and strut, steam pressure (P ) in the model just forward 

of the nozzles, rotating boom speed, and the various pressures on the afterbody 

or nozzle block, were recorded on an oscillograph tape. Microflash photographs 

were also taken of some of the models at various operating "conditions to correlate 

pictures of the external flow with the performance data. 

b. Initial tests were made of external-condensing hydroductor 

Models XJj X*+, and X5 to determine if there were marked differences in their per- 

formance.  For these tests, only a single pressure point was used, at the end of 

the afterbody or at the center of the nozzle bloc!:.  Figure 11 shows the data 

obtained on one of the test runs of Model X%  The numbers at the top of this 

performance curve indicate the time during the run when microflash photographs 

were taken of the model.  Some of these photographs are shown in Figures 12, 13, 

Ik,   and 15.  During the initial phase of this test, when steam pressure is rela- 

tively high, the motor is running in a manner similar to a hydroduct.  During the 

middle phase of the test run, at an elapsed time of 23 sec, the steam pressure in 

the chamber has been reduced considerably but there is an appreciable increase in 

the net thrust of the motor, as shown by the large dip in the drag curve.  The 

external flow of condensed steam and water is collapsing on the afterbody, as 

shown by the increase in rear-stagnation pressure (also see microflash photograph 

Mo. 6 - Figure 15).  These are the effects that are being investigated in this 

part of the program. 

Page 6 

CONFIDENTIAL 



C O N F I D £ N 1 (AL 

IV Ilydroductor, B (cont. ) Report No. I307 

c. A performance curve for Model X^ Is shown in Figure 16. 

Microflash photographs were taken during this test at the time intervals shown 

by the numbers at the top of the performance curves.  Some of these photographs 

are shown in Figures 17, 18, and 19.  A single pressure tap was drilled in the 

center of the nozzle block.  The effect of reduced drag, because of collapse of 

the flow on the rear of the model, was not appreciably evident in this test. 

The pressure on the center of the nozzle block, inside the annular ring of the 

nozzles, increased while steam was flowing but did not attain significantly 

positive values as did that of Model X3.  Model Xk  was altered by machining the 

button from the center of the nozzle block as shown in Figure 20.  Performance 

data on this model (X5) were very similar to the data obtained on Model XU. 

d. As the performance of the Model X3 appeared to benefit 

from the closing of the external flow under certain operating conditions, 

additional tests were made of this unit.  Four more pressure taps were drilled 

in the afterbody at the points shown in Figures 21 and 22.  Data obtained from 

these tests made at various velocity and steam-pressure conditions are shown on 

the curves of Figures 23 through 28.  The cavitation parameter (CT.  ) was calcu- 

lated for the minimum pressure of the cavity as recorded from pressure taps 

Mo. 3 an<3 U,  The cavitation parameter is defined as 

P       -  P. 
,-T-v 00 IV 

1/2  p vl 

where 

P = pressure in undisturbed fluid 
00 

pT = pressure in open cavity regardless of the gas 
with which cavity -is filled 

p = density of liquid 

V = velocity of undisturbed flow 
00 

e.   From the Model X3 test data, calculations were made of 

the thrust coefficient, C_, at various values of chamber pressure.  To obtain 
r 

the net thrust value to use in the calculation of the thrust coefficient 
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(C = F/P A )j   it was first necessary to determine the basic drag curve of the 
I. C   L 

model.  This curve is Figure 29.  The values used to plot the curve were obtained 

from the various tests and then corrected to account for the difference in drag 

before the steam was turned on and during the actual test run. The correction 

was figured as a suction drag on the model and was calculated by multiplying the 

pressure reading at pressure tap Ho. 5 (just aft of the exit plane of the 

nozzles) by the area of the exit section of the nozzles.  This value was then 

subtracted from the drag reading at time zero /before the steam was turned on) 

to give a more realistic value of the drag during operating conditions.  The 

difference between this basic drag reading and the drag reading at various times 

during the test was taken as the net thrust of the unit.  The calculated values 

of C were plotted on the performance data curves of Figures 23 through 23, 

C.   DISCUSSION 

1. Data from the lower-velocity tests of Model X3, such as those 

shown in Figures 26, 27, and 28, indicate that the afterbody shape of this model 

is more suitable for these velocities.  At these values of the cavitation 

parameter, the cavity is closing on the afterbody when the chamber pressure is 

near the maximum and the effect is similar to an increase in thrust.  To obtain 

comparable performance at higher velocities, the afterbody should be longer. 

Another model (designated X7) is being designed to use the same nozzle block 

as Model XJ>,  but the afterbody will be approximately twice as long. 

2. Data were obtained from the Model X3 tests under conditions 

that yield a range of cavitation numbers from .052 to .kjS,     These conditions 

simulate the operation of a free-running model at a velocity of I90 ft/sec and 

variation in the operating depth from 10 to 250 ft.  The thrust coefficient 

values, obtained under the test conditions which produced the higher cavitation 

numbers (Figures 27 and 28), appear to be adequate.  These values indicate that 

a free-running test vehicle, designed to be similar tö the Model X3 hydroductor, 

should have satisfactory performance at operating conditions that would yield 

the same cavitation number but that performance might be marginal at the very 

low cavitation numbers.  It is anticipated that the performance of one of the 

external-condensing hydroductor models with a longer afterbody will be more 

uniform throughout the range of desired operating conditions. 
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V.   SUBMARINE POWER PLALTT, FEASIBILITY STUDY PROGRAM 

A. The detailed results of the power plant study for a small, high-speed 

submarine are presented in Reference 1. 

B. On the basis of the investigations conducted during this program, the 

following general characteristics and features of a 1900 shp power plant system 

represent the best design from a standpoint of performance, size and basic 

simplicity: 

1.   The propellant tanks are of Dacron and Mylar exposed to the 

ambient sea-x^ater pressure. 

diluent. 

2.   The propellants used are 90$ ^P°PJ diesel fuel, and sea-water 

3#   The turbine wheel is of 12-in. dia with a rotative speed of 

25;000 rpra and operating temperature of 1900 F. 

h. A condensing system is used on the turbine exhaust with a vane 

type compressor pump to discharge the water-C^ mixture from the condenser to the 

ambient sea water. 

5. Special sliding-ring variable displacement-positive displacement 

vane pumps are used for all propellants to simplify the power-plant control 

system. 

6. A 5-hp combination electric motor and generator is used to 

provide for lew-speed operation, reversing, and starting of the main power plant 

and auxiliary diesel engine, 

7. The power-plant performance is 6.29 an^ 7.0^ lb of expendibles 

per shaft horsepower hour for operation at the surface and at 1000 ft depth, 

respectively. 

■ 
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8. A planetary reduction gear system is used with the turbine. 

9. The combustion chamber is of the ,?bluff body" type. 

C.   The primary advantages gained from the above design with a condensing 

system compared to designs without a condensing system are listed below: 
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1. A hi«gh efficiency turbine performance is obtained at depth« 

2. Only a single decomposition and combustion chamber assembly 

is required. 

3. The combustion pressure is lower at depth and less power is 

required for the propellant pumps. 

k*        The flushing action is improved for the sea-water builds in 

tho turbine exhaust. 

5.   The power plant size is Smaller (3 ft OD by 5 ft)« 

D.   The disadvantages in using the above condensing .system include a 

slight increase in' weight and complexity of the complete power plant with the 

addition of the condensing system equipment. 

VI.   SEA-WATER DILUENT PROGRAM 

A. BACKGROUND 

One of the best chemical power-plant systems at present uses 

hydrogen peroxide and a hydrocarbon fuel. While such a plant is relatively 

efficient, of primary importance is the fact that it is essentially wakeless. 

However, because the reaction temperatures of hydrogen peroxide and a hydrocarbon 

fuel are excessive for turbine operation, diluent water must be added to cool 

the gases to a reasonable, temperature, in order to prevent erosion or over- 

stressing of the turbine blades. Fresh water is normally carried by the vehicle 

for this purpose, but the considerable space occupied by fresh-water tanks could 

be available for additional propellant if ambient sea water were used as the 

diluent. The use of sea water as a diluent for hydrogen-peroxide engines has 

been investigated by several agencies, but completely satisfactory performance 

has not been obtaine 1. 

B. PROGRAM PLAN 

This program was planned to supplement previous efforts and to 

investigate other techr iques for obtaining satisfactory use of sea water as a 
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diluent. A range of operating temperatures from 1275 through 2100°F was inves- 

tigated using 90*1 HpOp with diesel fuel or ?0^ E K 0^ with 92.5$ ethyl alcohol. 

The studies were made on the designs and systems which would be most applicable 

for use in high-performance torpedo power plants. The work performed at a time 

previous to this report period is described in Reference 2. The investigation, 

continued during this reporting period, was primarily concerned with: 

!•   Cat ionic-Exchange Treatment of Sea Water 

a.   Improvement of the bed design for the Amberlite IR 120 

exchange resin, 

_.!>-.-- ^in.itir.i of the sea-water flow system for a minimum 

size cationic exchange bed. * 

2.   Chemical Additives 

Tests were carried out using chemical and other additives to 

the sea water or fuel in order to change the nature of the solfds formed, with 

the objective that deposits will not occur or can be readiiy flushed away. 

Colloidal materials and "chelating" agents were investigated. 

C.    METHOD OF TEST 

1.   The thrust-dynamometer installation used included devices to 

simulate solid deposit conditions on turbine blades and in a turbine exhaust 

system with a gas generator utilizing hydrogen peroxide and fuel. A Mk 16-6 

torpedo energy section and a new combustion chamber of an experimental design 

(see Figures I, .?, and 3 of  Reference 2) developed under Contract NOrd 16510 

were used for all the tests conducted with 70$ E HpC and 92.5^ ethyl alcohol. 

For the tests made with 90^ I' 0_ and diesel fuel, this combustion chamber was 

slightly modified by changing the liner and enzlan ring components to decrease 

the size of the cooling water passages and thus increase the velocity of the 

cooling water. Although the main objective of the program is to determine the 

best method for utilizing ambient sea water with a combustion system employing 

90£ concentrated hydrogen peroxide and diesel fuel, it was realized that very 

pertinent and important information concerning the use of sea-water ion exchange 
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A A +r*4A*A -^H4(M4^ 

and additive techniques could be obtained by using lower-strength peroxide and 

alcohol as energy sources for some of tue vork during the course of the program. 

Furthermore, such propellant was on hand, toother with certain vitally needed 

torpedo components and workshop gear (through ffca cooperation of the Bureau of 

Ordnance) and its use has resulted in a considerai.U saving of time and money 

for this program. 

2.   Special cartridge units were installed iß the sea-water line 

on the dynamometer installation for some of the tests (see Insures 30, 31, and 32). 

The cartridge units contained various sizes and shapes of beds using Amberlite 

IR-120 exchange resin for processing the sea water prior to injection into the 

combustion chamber. Tests were also performed using only the cartridge units 

and measurements were made of the percentage of cationic'exchange as a function 

of time at various sea-water flow rates. 

A4A444  44feMna£ial adapter containing a steel bar and two steel 

collector screens was placed downstream T ■■••- w  --^-.■r-v^-^'-v««■■&&!& .»r> sinvilate 

the turbine blades and the turbine exhaust system.  Following each test run, the 

deposits of s^.a-water salts in the combustion chamber and collector system were 

photographed, weighed, and chemically analyzed.  Photographs of the complete 

thrust dynamometer ire shown in Figures yi  and 32. Figure 30 presents the 

thrust dynamometer installation less the exhaust collector system. The three 

propellant flow meters (o*:i.£ice-d/p cell type) are shown on the side of the 

thrust stand in Figures 30 ani 31.  (The Annin valves on the meter lines are 

not used for this program; flows are controlled with orifice restrictions or 

with Uaterman-type constant delivery valves. ) The stainless steel sea-water 

diluent tank is visible at the left sii>. of Figure 30 against the wall of the 

test pit. A small portion of the diesel i\tel tank is visible above the 

dynamometer (left of center) in Figure 31-  1»3« Mk 16-6 torpedo air flask and 

the peroxide and fuel tanks are located inside ti:e steel box at the right of 

Figures 30, 31,  and 32. 

k.        The runs with additives were made without the use of the 

cationic exchange units.  The various chemicals were simply tdded to the sea 

water for these tests. 
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D. RESULTS OF TESTS 

1. Natural sea water was used for all tests throughout this  report 

period. The sea water was obtained offshore from the U.S. Naval Ammunition csnd 

Net Depot, Seal Beach, California. A chemical analysis of all the sea water 

samples ühat have been used is presented in Table 1. The sample of sea water 

used for each test is identified in Tables 2 and 3. 

2. A brief description and results of all tests conducted with 

the pero:»ite  combustion systems are shown in Tables 2 and 3-  The data regarding 

the total weight of solids deposited in the combustion chamber and exhaust system 

are presented in Taoles k  and 5.  Brief discussions of some o'f the tests, together 

with the tests involving only the cationic exchange units, are covered in the 

paragraphs below, 

a.   Tests Mo. 17 and 25 are the reference runs (without any 

diluent treatment) for the test;-; made with 70^ E H-0- and 92.5^ ethyl alcohol 

and the two different samples of natural sea water.  The solids deposited in the 

combustion charober for these runs are shewn in Figures 33 and 3^- while the solids 

A »i  ^vfr^jcf- colleccor screens ire shown in Figure«? 35 and 36.  The 

results of run Mo. 23 indicated a  i z   ' "! m  v-?-t-— M h\\t  fltifihtlv larger quantity 

of solid deposits than were obtained in run No. 1;. This larger quanncj c~r. 

probably be attributed to the lower combustion chamber temperature (1275 F ioz 

run Uo. 25 vs 1550 P for run Mo. 17) and the slight difference in sodium concen- 

tration between the two sea-water samples. 

b.   Several tests were made using different sizes and con- 

figurations for the cationic exchange cartridge. The data from test Ho. 21, 22, 

2k,  and 26 should be compared with the two reference tests (Mo. 17 and Som  25). 

There was a very significant reduction in the solid deposits for run Mo. 2S 

when the cationic exchange bed was Increased in size to 12.5-in* d'a x 5»5-in. 

l-:gure 37 shows the solids deposited in the combustion chamber for run Mo. 22 

and figure 36 shows the solids deposited on the exhaust collector screens. 
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While there was decided improvement in results when the run duration was limited 

to 2 min,'the results for run No. 26 showed that the 12.5-*ti. dia x 5-5-in» 

cationic exchange cartridge was not adequate for the longer duration runs, 

c. Tests No. 19 (reference), 20, and 23 were made with 90^ 

HO and diesel fuel. The data frcsti test No, 20 shows that the 6-in, dia x 6-in. 

citionic exchange bed was too small because there was no .significant reduction in 

the amount of solids deposited. When the larger size cartridge was used in run 

Mo. 23, a significant reduction in solid deposits was obtained, A photograph of 

the combustion chamber after run No. 19 is showi: in Figure 39 and Figure kO 

shows the combustion chamber after run No. 23. 

d. A measure of the effect of chamber temperature on the 

solids deposited is shown by comparing tests Ho. 17 and 19.  The total weight 

of solids into the system is greater for run No. 19 than for run No, 17, yet 

the amount deposited is less.  Chamber temperatures were 1550 F for No. 1? and 

1950 F for No. 19 (also see Figures 33 and 39). 

e. Five tests (not numbered) were made to determine the 

output efficiency of the strong cationic exchange beds used for some of the 

combustion tests described above, and of new bed designs for subsequent combus- 

tio.i tests. For these investigations, samples were taken at specified time 

internals from ths processed sea water being discharged from each bed.  The 

perceui.*£e   *" ""'     ' "TTH TiTilfl f^<a*"nvmlned for each sample and fhis value 

was taken as the percentage of cationic exchange. "" '     '     - ■ 

The first test was conducted on the 6-in. <">D by 6-in. bc<\ 

used for run No, 20.  ^he percentage cf sodium exchange was determined to be 

85^ at 10 sec and 26^ at 120 sec from the start of the run. 

f.   Three tests were made with natural sea water flowing 

through resin beds of two different sizes.  The beds of strong cationic 

exchange resin, Amberlite IR-120, wer» 12.5-in. 0D with lengths of 2.0 in. 

and 5.5-in. (see Figure 31).  The run durations were 2.0 min, corresponding 

to the usual test run; and 15 rain, corresending to a maximum torpedo running 

time.  The results of these tests are shown on the curves of Figures kl  and 1*2. 
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g.   An analysis of all the test results with the different 

sizes of strong cationic exchange beds revealed that the percentage of ion 

exchange at the start of each run should be decreased and the percentage of ion 

exchange at the end of each run should be increased (essentially "flattening" 

the output curve of the bed) to obtain the maximum effectiveness from any given 

size bed for this application. To "flatten"« the output curve of the cationic 

exchange bed, special designs of the bed component were investigated as well as 

arrangements for bypassing a portion of the sea-water flow around the Led. 

h.   An ion exchange test was made to investigate the output 

characteristics of the 12*5 in. OD by 5.5 in. bed with a sea-water flow rate of 

ll,$ lb/min (approximately half the normal flow rate).  The results are presented 

in Figure 43. 

A flow test was made with a strong cationic exchange bed 

ft chambers in series). This 

used was the same as that 

of 12-1/2-in. OD by 5,5 in,)- A Constant flow 

maintained through the bed during the test.  The percentage of cationic exchange 

was measured as a function of Jtirce tor a 9-min period (see Figure 44). The 

purpose of the test was to determine if a more desirable characteristic of 

percent ion exchange vs time could be obtained with a higher length-to-diameter 

ratio for bed shape. Results indicated that there was no significant improvement. 

j.   Another flow test was made using the above ion-exchange 

unit (Figure 32) but with 50^ of the sea water bypassed around the bed during 

the first half of the test period (see Figure 44),  7Tie results using this 

method \*ere encouraging and further tests are planned to vary the percentage of 

the sea water bypassed around the bed during the entire test period.  On the 

basis of the foregoing test results, it is believed that if tha percentage of 

cationic exchange can be maintained above a minimum value of approximately 4C$, 

the amount of solid deposits will be kept to satisfactory level for operation of 

the torpedo engine. 
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TABLE 1 

COMPOSITION OF SEA-WATER DILUENT SAMPLES 

Constituent 

Synthetic 
Sea Water 
(Diluent E) 

< by wt 

96.57  ' 

Harbor 
Sea Water 
(Diluent F) 

H: by wt 

96.52 

Offshore 
Sea Water 
(Diluent G) 
^ by wt 

96.56 

Harbor-Entrance 
Sea ™ater 
(Diluent M) 

< by wt 

K20 96.41 
Salts 3-43 3.1+8 3.44 3.59 
Sodium 27.0 25.0 29.58 33.0 
Magnesium 4.1 4.9 3.5 3.4 
Calcium 3.8 4.2 4.1 2.7 
Aluminum 0.0028 0.0038 0.001 0.0012 
Silicon 0.039 O.O63 0.032 0.049 
Potassium 3.2 3.1 3.1 2.2 
Strontium 0.11 O.O63 0.052 not reported 

Chromium trace 0.000V7 0.017 0.0073 
Iron 0.033 0.016 0.12 0.013 
Boron O.O80 0.072 0.036 0.048 
Copper 0.0O2J; 0.000^8 0.0011 r;, 00076 
Nickel not reported not reported 0.0038 0.0016 
Manganese not reported not reported 0.0014 0.0008'c 
Titanium not reported not reported nil 0.0060 

Table 1 
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Run m. 

1 

Fuel    «ad 
Flew Rat« 

lb/gin 

- 5.8 

Oxidlaar 
and Plow 

Rat« 
">/«*« 

C -  1*6.0 

C - 1*2.5 

TABU 2 

DESCRIPTION OP TESTS,   ON*  SIA-WATIX-DILUBfT PRO0UM3 
6/6/56 to 12/5/56 

Diluent                                                   Average Dectienlaed 
and Flaw QM*UI(1M Aaount af 

Rata Diluent Taaperature Dlluant 
lb/1« 

E  - 25.1 

c - 1*1.3 

r - 23.6 

D -  52.8 

Additiv« 

ljW) 

3 A - 10.5 C W*,8 E   -  21». 1* Nona 1580 

i* A   -  9.9 C 1*1*.7 B   -  22.2 HC1 1578 

5 A  -   10.9 C 1*3.7 E  -  18.9 ZnCl2 1670 

6 A   -   9.<5 c • 1*0.8 t.  -  18.3 Nona 1620 

DOM 

36.8 

50.0 

1330 

23to* 

11 A - 9.5 C - 1*2.7 I  - 20.0 NaOH 11*90 

12 A - 9.7 C  -  1*1.0 l  - ld„9 R0H 1300 

13 A - 9.1* c - 39.0 C   - 21.7 Son« 1550 

U B  -   2.9 D   -  29.2 C   - 22.1* Nona 200C 

15 B  -   U.2 D  -  31.6 • G  - 21.9 None 2000 

16 A - 5.5 C  - 29.7 C   - 22.5 Nona 1100 

Nona 

Han. 

Hooa 

Nona 

»—«*« 
Reference rim.     Ceiuldereble dapo.lt 
of «alt» In chaabar and «n collector.. 
Run duration 3 «In.* 

Sa« water acidic froa Ion exchange 
procaaa. Salt dapoilta 204 of Run 
No.   1, 

Raaulta  alallar  to Run No.   2. 

Conaldarabla daao.lt. of talta In 
chamber and on collactori.    Leaa than 
Run No.   1,   hovavar. 

Additiv« lncr.a.ad aaount of aollda 
produced but did not aatlafactorlly 
dacraaaa aaount of aollda deposited. 

Graphlta and varnlah applied  to  In- 
ternal  .urf.ee of coabuatlon chaabar 
and axhauat ayataa.    Materially laaa 
dapo.lt.  of aalta  than Run No.   1. 

Reaction producta appeared to for« 
oxld.B and conaldarabla depo.lt of 
aollda  In ayatan. 

Slightly «ore »olid depoalta  than 
!>.un No.   1 but of a »eft,  putty-like 
eoapoaitloo. 

Mora aolld dapealt In «xhauat ayitaa 
than Run No. 8,  and of hard-cruat 
eoapoaItion. 

!*5-aec duration run. Collector eyatea 
not uaed ao that exhauat could bo ob- 
•erved. Diluent flow rat» lover than 
dealrad. Bluff-body fl**s* .older and 
Injector requlrea «light modification 
for  thla  fuel  and oxldlser. 

Raaulta comparable to Run No.  9* 

Raaulta  «lightly better  than Run No.  11. 

Referenca run. Solid depoalta of alal- 
lar appearanca to Run No. 1 but of laaa 
aagnltude than bath Run. No.   1 and 8. 

Fuel  leak Invalidated run for uaa aa 
reference. 

Run cut  a hart beceu«. of aalfunctlon 
of diluent control valv«. 

Slightly laaa dapealt of aellda In 
coabuatlon chaabar and aura dapealt 
In axhauat lyitoa than RUB N».  13. 

NOTES:     (I)    fuel "A"  la 92.54 «thyl alcohol. 
Fuel "B"  la dlaaal  all. 

(2)    Oxldlzer  "C"  la 704 8 concentrated hydrogen perexlde. 
OxIdliar  "I*'  la 9C4 concentrated hydrogen perexlde. 

!*>)    Diluent "E"  la aynthatlc  aaa water. 
• Diluent 'T'  la natural aaa water obtained  frea the herber  et  Saal Beach,  Cellfernle. 

Diluent "G"  ll natural aae water abtalned  2 alle, offahere frea Saal  Beach,   California. 

(I*)    All runa were ef 2 aln duration unlaea etherwlaa noted. 
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^ABLE 5 

DESCRIPTION OF TESTS, ONR SEA-WATER DILUENT PROGRAM 
6 December I956 to 5 June 1957 

Fuel and 
Oxidizer Diluent^ Average 
and Flow and Flow Combustion 

Run Flow Rate Rate Rate Diluent Temp 
Remarks No. lb/min 

A-8.ii5 

lb/min 

C-40.0 

lb/min 

G-23.h 

Additive 

None 

°F 

17 1550 Reference run. 
Deposits smaller 
and more dense 
than with previous 
diluents. 

18 A- 0 G- None 2100 Stoichiometric 
mixture ratio de- 
sired. Mixture 
ratio control 
failed. Invalid 
as reference. 

19 i-U.27 D-35.1 G-32.8   None 

20 B-fc.35 D-59.O G-35.0   None 

21 A-9.73 C-l*3-0 G-20.U   None 

22 A-10.3 C-45.U G-22.5*   None 

CONFIDENTIAL 

1950     Reference run. 
Deposits smaller 
and more dense 
than lower temp, 
70^o H^O -alcohol 

reference runs. 

I965     Diluent water 
through exchange 
bed 6 in. dia 
x 6 in. No improve- 
ment over refer- 
ence run No. 19. 

1530     Diluent water 
through exchange 
bed 12.5 in. dia 
x 2 in. Slight 
improvement over 
reference run 
No. 17- 

1^00     Diluent water 
through exchange 
bed 12.5 in. dia 
x 5.5 in. Signifi- 
cant reduction in 
deposits from 
Runs 17 and 21. 
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TABLE 3 (cont. ) 

Run 
Mo. 

Fuel and 
Flow Rate 
lb/min 

B-U.85 

Oxidizer2 

and Flow 
Rate 
lb/min 

D-3^.8 

Diluent5 

and Flow 
Rate   Diluent 
lb/min  Additive 

G-3^.9   None 

Average 
Combustion 
Temp 
°F 

1850 

Remarks 

23 Diluent water 
through exchange 
bed 12.5 in. dia 
x 5.5 in. Signifi 
cant reduction in 
deposits from tho. 
of Runs 19 and 20. 

2k A-9.1+ C-32.6 

25 A-10.3 c-i+1.2 

26 A-10.1 C-U+.7 

G-12.3   None 

H-23.8   None 

H-25.7   None 

1350    Diluent water 
through exchange 
bed 12.5 in. dia 
x 5«5 in. Run time 
= 6 min. Propellan 
flow rate control 
failed. Reliable 
comparisons could 
not be made. 

1275    Reference run. 
Hard, light weight 
crystalline depo- 
sits similar to 
original reference 
run with synthetic 
sea water. 

11+30    Diluent water 
through exchange 
bed 12.5 in. dia 
x 5»5 in. Run tim< 
= 7.5 niin. Insuf- 
ficient ion ex- 
change bed capaci 

27 B-U.23 D-36.3 H-32.8 Ouebracho 1920 No apparent 
improvement. 

28 B-U.i*3 p-35.5 H-29.3 Ouebracho 1950 No apparent 
improvement. 

29 A-10.1 C-42.7 H-27A Tergitol 
Anionic 08 

11+00 No overall 
improvement 
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TABLE 3 (cont.) 

Fuel and 

2 
Oxidizer Diluent'' Average 
and Flow and Flow Combustion 

?„un Plow Rate Rate Rate Diluent Temp 
Remarks No. lb/min 

B-U.^2 

lb/min 

D-33.3 

lb/min Additive 

Tergitol 

°F 

1850 50 No improvement. 
Anionic 08 

31 A-8.32 C-^3.2 H-29.0 Lignin 
Extract 

1575 No improvement. 

32 A-8.2 c-^5.^ H-26.8 Hydrazine 1650 No improvement. 
Sulfate 

NOTES:  (1) Fuel "A" is 92.5$ ethyl alcohol. 
Fuel "B" is diesel oil. 

(2) Oxidizer "C" is 70^ E concentrated hydrogen peroxide. 
Oxidizer "D" is 90$ concentrated hydrogen peroxide. 

(3) Diluent "G" is natural sea water obtained two miles offshore 
from Seal Beach, California (also see Table 1). 
Diluent "H" is natural sea water obtained at the harbor 
entrance to the U.S. Naval Ammunition and Net Depot, Seal Beach, 
California (also see Table 1). 

(k)    All runs were of 2-min duration unless otherwise noted. 
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TABLE k 

TEST DATA, ONR SEA-WA^ER DILUSITT PROGRAM 

6 June I956 to 5 December 1956 

Run 
Ho»  Description 

Total Weight Total     t of Sollds 
of Solids     po8ited in 2-Min 

into System    „   .   _, 
«. .   - „.    Running ^ime During 2-Min  ö  

Ratio of 
Sodium to 
Calcium in 

Running Time Combustion 
Exhaust   Exhaust System 

fi), a), 
1 100^ synthetic sea water 

(reference run) 

2 36.8$ decationized syn- 
thetic sea water and 
63.2^ untreated syn- 
thetic sea water 

3 5C4 decationized syn- 
thetic sea water and 5C<- 
untreated synthetic sea 
water 

k        Synthetic sea water with 
HC1 added(2) 

5 Synthetic sea water with 

ZnCl added ^' 

6 100^ synthetic sea water; 
interiors of system 
coated with graphite 

7 Synthetic sea water with 

FeCl  added^) 

8 ICO'* natural sea water 

9 Fatural sea water with 
(Pi) 

'a0Tt added ' ' 

11 Synthetic sea water with 

TTaOU added ^' 

12 Synthetic sea water with 

KOtf added ^' 

13 offshore sea water    * 

(See Sheet 2 for notes) 

lb  Chamber, lb System,  'lb Deposits,  ylb 

0.25^      0.127       13:1 1.62 

1.09 

0.8U 

1.52 

5.2U 

1.33 

5.83 

1.62 

5.06 

h.k& 

5.32 

1.1*9 

0.086 

0.069 

0.16 

0.35 

0.15 

0.25 

0.27 

0.17 

0.15 

0.10 

O.lh 

0.0*0 35:1 

0.051 12:1 

0.061 13:1 

0.036 k:l 

0.038 5:1 

0.15 6:1 

0.19 15:1 

0.1*0 21*0:1 

0.32 17:1 

0.19 1*:1 

0.062 15:1 
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TA3LE h  (cont. ) 

Run 
No. 

TofaLi7^!ht Tot^ WeiSht of Solids or Solids     _   .it.  ~ w. 
into System    »»PO«ited In 2-Min 
During 2-Min  Running Tine    . 

Exhaust 

Description 
Running Time Combustion        /.v 
 lb     Chamber, lb System,  jlb Deposits,vx/ lb 

Ratio of 
Sodium to 
Calcium in 

Exhaust System 
a) 

llj. Offshore sea water, 90^ 
1;22' and diesei  fuel 

16    Offshore sea water,   JOi E 
M 0p,  and ethyl alcohol 

1.5te 

1.5W 

0.092 0.026 

0.11 0.089 

17:1 

ika 

VOTES: 

(1 

(2) 

(3) 

Water-soluble solids only. 

HC1 added in such an amount that the acid-to-solids ratio was equal to that 
produced by the partial ion exchange of Run ?To. 3« 

ZnClp added in such an amount as to produce a eutectic with the sea-water 
salts (taken as NaCl) having a melting temperature of 503°F - 58.5 mole^ ZnCl.. 

(h) 
FeCl added in such an amount as to produce a eutectic with the sea-water salts 
(taken as NaCl) having a melting temperature of 3>l6°F - 5*+ mole^ FeCl_. 

(5) 5 
tTa01T added in such an amount as  to produce a mixture with the sea-water salts 
(taken as FaCl) having a melting temperature of 680 F - 78 mole^ NaOH. 

'KOI! added in such an amount as to produce a mixture with the sea-water salts 
for which the melting temperature is undetermined - 78 mole^ KOH. 
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TABLE 5 

TEST DATA, OUR SEA-WATER DILUENT PROGRAM 

6 December I956 to 5 June 1957 

Run 
No.  Description (1) 

T°faq wl^ Total Wei8nt of Solids  Ratio of 
into S st      Deposited in 2-Min    Sodium to 
,x_ *      « WJ        Running Time      Calcium in 
During 2-Min        Exhaust Exhaust System 
Running Time Combustion       ,p* "/?v 

lb Chamber, lb System,  'lb Deposits, \  ;lb 

17 70fj E T: Op-ethyl alcohol- 

sea water 

18 70^ E IT Op-ethyl alcohol- 

sea water 

19 90c' 'i Op-diesel fuel- 

sea water 
(Reference run) 

20 90^ V.  0 -diesel fuel-sea 

water. Diluent water 
through 6 in. dia x 6 in. 
bed of strong cationic 
exchange resin 

21 70$ E TT 0 -ethyl alcohol- 

sea water. Diluent water 
through 12.5 in. dia x 
2 in. bed of strong 
cationic exchange resin 

22 70$ E H Op-ethyl alcohol- 

sea water. Diluent water 
through 12.5 In. dia x 
5.5 in. bed of strong 
cationic exchange resin 

23 90^ HO -diesel fuel-sea 

water. Diluent water 
through 12.5 in* dia x 
5.5 in. bed of strong 
cationic exchange resin 

24 70^ E TI 0 -ethyl alcohol- 

sea water. Diluent water 
through 12.5 in. dia x 
5.5 in. bed of strong 
cationic exchange resin 
(6-min run) 

1.61 

2.26 

zM 

1.1*0 

1.54 

2.40 

0.15 

Data not valid 

0.044 

O.O65     0.072 

0.05^     0.10 

0.065    0.044 

0.004    0.028 

0.010   0.0056 

0.845(av)   0.025(av) 0.055(av) 

11 

10 

22 

14 
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TA3LE 5  (cont.) 

Run 
Mo. Description (1) 

Total Weight 
of Solids 

into- System 
During 2-Min 
Running Time 

lb 

1.65 

Total Weight of Solids   Ratio of 
Deposited in 2-Min     Sodium to 
Running Time  Calcium in 

_ .  _.    Exhaust   Exhaust System Combustion       ,p* J,ps 
Chamber, lb System,  'lb Deposits,\   'lb 

25 70^ E Ho02-ethyl alcohol- 

sea water 
(Reference run) 

26 70? E M202-ethyl alcohol-   I.76 

sea water. Diluent water 
through 12.5 in. dia x 
5.5 in. bed of strong 
cationic exchange resin 
(7.5 »in run) 

27 90$ K 0 -diesel fuel-sea    2.26 

water. 23 ppm Quebracho 
added to diluent 

28 90^ H202-diesel fuel-sea    2.02 

water. 1150 ppm Ouebracho 
added to diluent 

29 70$ E H202-ethyl alcohol-   I.89 

sea water. 5.5^ Tergitol 
Anionic 08 added to 
diluent 

30 90$ H 02-diesel fuel-sea    2.30 

water. 5.3^- Tergitol 
Anionic 08 added to 
diluent 

31 70$ E H20 -ethyl alcohol-   2.00 

sea water. 0.116^ Maracell 
E (lignin extract) added 
to diluent 

32 70^ E H202-ethyl alcohol-   I.85 

sea water. 0.1$ hydrazine 
sulfate added to diluent 

(av) 

0.32 0.18 

0.115/  x 0.27/ x ''(av)    '(av) 

0.15 

0.17 

0.17 

0.19 

0.27 

0.11 

0.056 

0.082    0.339 

0.18 

0.26 

0.21 

h6 

Ik 

11 

25 

22 

19 

NOTE: (1) All runs were of 2-mln duration unless otherwise noted. 
(2) TTater-soluble solids only. 
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